The golden clusters containing two skeletal atoms in the cluster nucleus have been analyzed more carefully with the help of the 4n series method. Their shapes can reasonably and readily be predicted by mapping the [M-2] capped clusters of 3 to 13 nuclearity onto Pivoriunas geometrical model. Some of these clusters were historically categorized as being spherically centered.
Introduction
The shapes of golden clusters have fascinated scientists for some time (Pauling, 1977; Cotton and Wilkinson, 1980; Mingos,1984 Mingos, ,1987 Steigelmann, et al, 1993; Kappen, et al, 1995a Kappen, et al, , 1995b Greenwood and Earnshaw, 1998; Raithby,1998; Vincente, et al, 1998; Kilmartin, 2010; Kwok-Ming,2011; Pei, et al, 2011; Yuan, et al, 2013; Sarip, 2013; Puls,2014; Konishi, 2014) . Their geometries were classified as centered, non-centered and exo-attached polyhedral clusters (Konishi, 2014) . It has been found that the series method is generally very precise in categorizing and predicting the shapes of clusters such as boranes and their relatives, carbonyl and Zintl clusters (Kiremire, 2016a) . The categorization of some golden clusters has been done using skeletal numbers and some of the work published (Kiremire, 2016b (Kiremire, , 2016c (Kiremire, , 2017 . In this paper the emphasis is to closely focus mainly on selected samples of capped golden clusters whose nuclei are comprised of two skeletal elements. The major significance of this paper apart from using the series method to identify the composition of the cluster nucleus is to assign a possible geometrical framework of how other skeletal elements are arranged around the two nuclear skeletal elements to generate the overall skeletal geometry.
Results and Discussion

Background
The series method has evolved to a level where skeletal numbers were assigned to main group and transition metal elements and a few ligands (Kiremire, 2016a (Kiremire, , 2016b (Kiremire, , 2016c (Kiremire, , 2017 . The use of skeletal numbers makes it exceedingly easy to categorize and even predict the shapes of some clusters. In many cases, the series method agrees with the literature results and in some gives a more precise categorization and structural prediction. In this work, the skeletal numbers (Kiremire, 2016a (Kiremire, , 2016b (Kiremire, , 2016c (Kiremire, , 2017 will be applied to categorize and characterize a selected sample of golden clusters. It has also been found that a given k(n) parameter defines the shape of the skeletal elements in most cases(k = skeletal linkages of a cluster and n = number of skeletal elements). For instance, Os 6 (CO) 18 2-, k = 6(5)-18-1 = 11; Rh 6 (CO) 16 ,k = 6(4.5)-16 = 11;B 6 H 6 2-, k = 6(2.5)-3-1 = 11; SFe 2 Ru 3 (CO) 14 2-, k = 1(1)+2(5)+3(5)-14-1 = 11; Se 2 Mn 4 (CO) 12 2-, k = 2(1)+4(5.5)-12-1 = 11; Co 4 P 2 (CO) 10 ; k = 4(4.5)+2(1.5)-10 = 11; Ru 6 I(CO) 17 , k = 6(5)-2-17 = 11;and Re 6 (C (CO) 19 2-, k = 6(5.5)-2-19-1 = 11. All these clusters are interrelated by the parameter k(n) = 11(6). That is, 11 cluster linkages and 6 skeletal atoms. The characteristic feature of each one of the complexes is the presence of an ideal octahedral skeletal geometry, O h .
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Categorization of Golden Clusters Using Skeletal Numbers
A golden cluster, like any other cluster can be categorized by using skeletal numbers (Kiremire, 2016 (Kiremire, , 2017 . Let us take a few examples for illustrations.
According to series method, the skeletal elements are the providers of the skeletal linkages while the ligands are the consumers of some or all those skeletal linkages. When a cluster comprising of original 'naked' skeletal elements and ligands is formed, the ligands utilize some or all of the skeletal linkages. Then the skeletal linkages remaining [k(n)] are the ones that dictate the symmetry of the cluster as pointed out in the case of the O h geometry discussed earlier.
The skeletal number of Au is 3.5 and the ligand L, k = -1 (Kiremire, 2016 (Kiremire, , 2017 , hence [AuL] fragment has a k value given by k = 3.5-1 = 2.5, V = 6.5, CO, k = -1 (Kiremire, 2016 (Kiremire, , 2017 . It is interesting to note that the fragment [AuL] is isolobal to boron [B] . That is, [AuL]⥈ [B] . The k(n) value for the (AuL) 3 V(CO) 5 cluster is given by k = 3[2.5]+1(6.5)-5(1) = 9; hence, k(n) = 9(4). For a given series S = 4n+q, k = 2n-q/2, and q = 2[2n-k] = 2[2(4)-9] = 2[-1] = -2 (Kiremire, 2016c) . This gives us the cluster series S = 4n-2, and capping series Cp = C 1
The number of valence electrons is given by V = 14n-2 = 14(4)-2 = 54. We can verify this value from the formula of the complex, (AuL) 3 V(CO) 5 ; V = 3(11+2)+1(5)+5(2) =54. The symbol [M-2] means that there are 2 skeletal elements which are members of the CLOSO family S = 4n+2 and with k =2n-1 = 2(2)-1 =3. These 2 nuclear skeletal elements will be linked by a triple bond upon which the two capping skeletal elements will be superimposed. This is graphically sketched in F-1.
F-1. Graphical representation of the skeletal shape of (AuL)3V(CO)5
Thus, in this geometrical framework, the nuclear skeletal atoms [M-2] form the vertical axis and the capping skeletal atoms successively occupy the 5 'equatorial' positions around the [M-2] axis. This geometrical framework is adopted from (Pivoriũnas,2005) . (8)+3(2)-1 = 78. Thus, according to the series method and the Pivoriũnas geometrical framework, the [M-2] skeletal elements will lie along the axis while the remaining 4 skeletal atoms will be distributed around the equatorial positions. This is sketched in F-3 in agreement with the observation (Pivoriũnas,2005) . . Valence electrons V = 14n-8 = 14(7)-8 = 90. Verification from the formula, V = 7(11)+7(2)-1 = 90. Clearly, this case will have all the 'equatorial' positions filled up as sketched in F-4. It is not a surprise to that the cluster of that shape is referred to as pentagonal bipyramid (Mingos,1984; Konishi,2014) as in B 7 H 7 2- (Greenwood, et al, 1998 ) with k(n) = 13(7). However, unlike the B 7 H 7 2-cluster, the Au 7 L 7 + complex has a k(n) parameter value of 18(7). This implies that we will expect a different type of cluster bonding. (11)+1(1)+8(13)-1 = 126. The shape will be based on a two-centered skeletal atom nucleus. The other 8 atoms will be capping around [M-2] . This is sketched in F-9 in agreement with the literature (Kappen, 1995b) . (Kappen, 1995b) . Table 1 . Golden clusters have been divided into broad groups such SPHERICAL CLUSTERS and TOROIDAL CLUSTERS (Mingos, 1984) . On close analysis with series, the spherical type are found to be those 18 (7 
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CLUSTER k VALUE k(n) q VALUE SERIES CATEGORY Mo 2 (Cp) 2 (CO) 4 3 3(2) 2 4n+2 CLOSO[M-2] Au 3 L 3 X 3 6 6(3) 0 4n+0 C 1 C[M-2] (AuL) 2 Fe(CO) 4 6 6(3) 0 4n+0 C 1 C[M-2] (AuL) 3 O + 9 9(4) -2 4n-2 C 2 C[M-2] (AuL) 3 V(CO) 5 9 9(4) -2 4n-2 C 2 C[M-2] (AuL) 3 Co(CO) 3 9 9(4) -2 4n-2 C 2 C[M-2] (AuL) 3 Fe(CO) 4 + 9 9(4) -2 4n-2 C 2 C[M-2] Au 4 L 4 I 2 9 9(4) -2 4n-2 C 2 C[M-2]
Hypothetical Model for Predicting the Symmetries of [M-2] Based Golden Clusters
When the clusters in Table 1 are carefully scrutinized, they are found to form a set of capping series based on a closo nucleus comprising of two skeletal elements linked by a triple bond according to the series method. The k(n) parameter varies as follows: 3(2)→6(3) →9(4) →12(5) →15(6) →18(7) →21(8) →24(9) →27(10) →30(11) →33(12) →36(13). These correspond to the capping series: -2] . According to the series method, the capping series vary by ∆k =3 and ∆n = 1. When the [M-2] capping series are superimposed onto the geometrical framework proposed by Pivoriũnas (Pivoriũnas, 2005) (Mingos, 1984) as visualized in D-1. We very much know that simple transition metal complexes have a tendency take up specific geometries. For instance, ML 2 (linear), ML 3 (trigonal planar), ML 4 (tetrahedral/square planar), ML 5 (trigonal bipyramid/square pyramid), ML 6 (octahedral) and so on. Similarly, we can apply series method in combination with the Pivoriũnas geometrical model to readily provide a tentative prediction of shapes for golden clusters C 
Conclusion
The series method has successfully been found to categorize the golden clusters and assist in predicting some of their ideal symmetries. This is reflected in the cases of a large number of [M-2] based golden clusters. In this regard, a combination of the [M-2] capping series with the Pivoriũnas geometrical framework has been extremely useful.
